DNA-methylation-dependent alterations of claudin-4 expression in human bladder carcinoma.
The expression pattern of tight junction (TJ) proteins is frequently disrupted in epithelial tumors. In particular, isoform- and organ-specific alterations of claudins have been detected in human cancers, highlighting them as interesting tools for the prognosis or treatment of various carcinomas. However, the molecular mechanisms responsible for these alterations are seldom identified. Here, we analyzed the expression and localization of claudins 1, 4, and 7 in human bladder carcinoma. Claudin-4 expression was significantly altered in 26/39 tumors, contrasting with the rare modifications detected in the expression of claudins 1 and 7. Overexpression of claudin-4 in differentiated carcinomas was followed by a strong downregulation in invasive/high-grade tumors, and this expression pattern was associated to the 1-year survival of bladder tumor patients. A CpG island was identified within the coding sequence of the CLDN4 gene, and treatment with a methyl-transferase inhibitor restored expression of the protein in primary cultures prepared from high-grade human bladder tumors. In addition, claudin-4 expression correlated with its gene methylation profile in healthy and tumoral bladders from 20 patients, and downregulation of claudin-4 expression was detected in the urothelium of mice overexpressing DNA methyl transferase 3a (Dnmt3a). Delocalization of claudins 1 and 4 from TJs was observed in most human bladder tumors and in the bladder tumor cell line HT-1376. Although the CLDN4 gene was unmethylated in these cells, pharmacological inhibition of methyl transferases re-addressed the two proteins to TJs, resulting in an increase of cell polarization and transepithelial resistance. These biological effects were prevented by expression of claudin-4-specific siRNAs, demonstrating the important role played by claudin-4 in maintaining a functional regulation of homeostasis in urothelial cells. Results of this study indicate that the TJ barrier is disrupted from early stages of urothelial tumorigenesis. In addition, we identified hypermethylation as the mechanism leading to the alteration of claudin-4 expression, and maybe also localization, in bladder carcinoma.